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Abstract The detection of solar-like oscillations in G and K giants with the CoRoT 
and Kepler space-based satellites allows robust constraints to be set on the mass 
and radius of such stars. The availability of these constraints for thousands of giants 
sampling different regions of the Galaxy promises to enrich our understanding on 
the Milky Way's constituents. In this contribution we briefly recall which are the 
relevant constraints that red-giants seismology can currently provide to the study of 
stellar populations. We then present, for a few nearby stars, the comparison between 
radius and mass determined using seismic scaling relations and those obtained by 
other methods. 



1 Introduction 



Since the data from the first CoRoT observational runs were analysed, and so l ar-like 



oscillations were detected in thousands of red giant stars (|De Ridder et al. . l2009r. 



Hekker et al. , 2009 ; Mosser et al. , 2010t Kallinger et al. , 2010 ), it has become clear 
that the newly available observational constraints will allow n ovel approaches in th e 



study of so far poorly constrained galactic stellar populations (IMiglio et al. ■ l2009h . 



While CoRoT continues to monitor giants in different regions of the Milky Way, 
Kepler is contributing significantly to the characterisation not only of red-giant pop- 
ulations (see De Ridder, this volume for a review) but it has also opened the way for 
"ensemble seismology" of solar-lik e stars. The detection of solar-like oscillations in 
about 500 F and G dwarfs allowed IChaplin et al.l (1201 II) to perform a first quanti- 
tative comparison between the distributions of observed masses and radii of these 
stars with predictions from models of synthetic populations in the Galaxy. 
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We outline in Sec. [2] the innovative aspects of seismic constraints, highlighting 
the importance of being able to determine the mass of giant stars, while we will 
discuss in detail the implications of the radius (hence distance) estimates in a future 
paper. In Sec. [3] we first review how mass and radius of giants are estimated using 
the average seismic parameters Av (average large frequency separation) and V max 
(frequency corresponding to the maximum observed oscillation power), and then 
present, for a few nearby stars, the comparison between radius and mass determined 
using seismic and non-seismic observational constraints. 



2 New constraints on stellar populations 

Once they reach the red-giant phase of their evolution, stars of significantly different 
age end up sharing similar photospheric properties. As a consequence, field giants 
belonging to the composite galactic-disk population were so far considered poor 
tracers of age. However, the possibility of determining with asteroseismology the 
masses of thousands of these objects has unexpectedly reversed this picture. 

As is well known, the age of RGB and red-clump (RC) stars is largely determined 
by their main-sequence lifetime and hence, to a first approximation, by their mass 
and metallicity. The age-mass relation of giant stars predicted by stellar models is 
illustrated in Fig. \T\ where it is compared with that of stars on the main sequence. 
For the purposes of this comparison, a crude criterion based on the surface gravity g 
was used to separate giants (logg < 3.5) from main-sequence stars (logg > 3.5). The 
synthetic population shown in the figure was computed with the code TRILEGAL 



dGirardi et alj|20 05: Girardi et al., this volume), and is representative of thin-disk 
stars monitored by CoRoT in the LRcOl field. The tight age-mass relation shown in 
the lower panel of Fig.Q]clearly shows that adding the mass among the observational 
constraints enables us to use giants as potentially very precise age indicators. 

From a closer inspection of Fig.Q] it is worth noticing that for stars with M <^ 1 .5 
M© the age-mass relation bifurcates due to the significant mass loss (^ 0.1 — 0.2 
M Q ) experienced by low-mass stars near the tip of the rgbQ Consequently, RC 
stars are younger than stars on the RGB with the same actual mass (and metallicitiy). 
We can, however, remove this degeneracy in the age-mass relation thanks to addi- 
tional seismic constraints. It is indeed excellent news in this context that the detailed 
prope rties of dipolar oscillation modes allow us to clearly distinguish RGB from RC 



stars dMontalban et al.ll2010llBedding et al.ll201 lHMosser et al 



2011; Montalban et 



al, this volume). When applied to the characterisation of stellar populations this 
result can potentially lead to age estimates independent of the uncertain RGB mass- 
loss rates. 

As a word of caution we should recall, however, that these age estimates are in- 
herently model dependent, being affected by uncertainties in predicting, e.g., main- 
sequence lifetimes. On the other hand, the potential of asteroseismology goes well 



1 In the mod els used in F ig. [T] RGB mass loss is implemented adopting the iReimer pre- 
scription (see lGirardi et al.l20 00 for more details). 
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Fig. 1 Age-mass-metallicity relation for main-sequence stars (upper panel) and red giants (lower 
panel) in a synthetic population representative of thin-disk stars observed by C0R0T in the LRcOl 
field. The evolutionary state of giants is marked with a different symbol: dots (stars in the core- 
Helium-burning phase), crosses (Asymptotic-Giant-Branch stars), and open circles (stars on the 
Red Giant Branch). The fraction of AGB stars in the population of giants shown here is ~ 4%. 



beyond the determination of global stellar parameters using scaling relations. As 
frequencies of individual pulsation modes become available, detailed comparisons 
between observed and theoretical o scillation spectra prom ise to improve both the 
precision of age estimates (see e.g. iDi Mauro et al.ll2.01 II) . along with their accu- 
racy, by providing stringent constraints on models of the internal structure of both 
main-sequence and in giant stars. 
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As a relevant additional constraint that seismology could potentially provide to 
the study of stellar populations, we recall that investigations are currently underway 
to assess under which conditions a reliable indication of the envelope-helium abun- 
dance can be derived from th e seismic signature of helium ionisation detected in 
CoRoT and Kepler giants (see Miglio et al. 2010t Montalban et al., this volume). 

Finally, as discussed during this meeting, it is worth mentioning that Eq.[2]below 
provides a potentially very accurate way of determining the surface gravities of 
star s, which could be then used as an input to refine spectroscopic analyses (see 
e.g. Morel & Miglio ||201 1 ) and, eventually, to test model atmospheres of giant stars 
(Plez, this meeting). 



3 Scaling relations 



Radii and masses of solar-like oscillating stars can be estimated from the average 
seismic parameters that characterise their oscillation spectra: the so-called average 
large frequency separation (A v), and the frequency corresponding to the maximum 
observed oscillation power (v max ). 

The large frequency separation is pr edicted by theory to scale as the sq uare root 
of the mean density of the star (see e.g. Vandakurov 1967 ; Tassoul , 1980t) : 



Av 



' M/Mq 



■AVg 



01 



(1) 



where AVq = 135 flHz. The frequency o f maximum power is expected to be pro 



portional to the acoustic cutoff frequenc y (Brow n et al 
ll995llMosser et al.[l2O10UBelkacem et alll201 lh ~ 



1991tlKjeldsen & Bedding . 



and therefore: 



M/Mq 



(«/* ) 2 VW% 



'max,© , 



(2) 



where v maXjQ = 3100 fiHz and !T effi0 = 5777 K. 

Depending on the observational constraints available, we may derive mass es- 
timates from Equations Q] and [2] alone, or via their combination with other avail- 
able information from non-seismic observations. When no information on dis- 
tance/luminosity is available, which is the case for the vast majority of field stars 
obs erved by C0R0T and Kepler, Eq .Q]and[2]may be solved to derive M and R (see 
e.g. lKallinger et al.ll2010tlMosser et al.ll2010l) : 
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However, when additional constraints on the distance/luminosity of stars are 
available, M can also be estimated also from Eq.Q]or[2]alone: 



M 
M 



T e ff 



Av_\ 2 (L\ 3/2 

Vmax \ f±_\ ( T e f£ N ~ ?/2 

LqJ Vr e ff,© 



(5) 
(6) 



These scaling rel ations have been widely adopted to estimate masses and radi i 
of red giants (see e.g. lStello etail 120081: Ikallinger et~aill201filMosser et allboifj . 
but they are based on simplifying assumptions which must be checked against in- 
dependent fundamental measurements. Recent advances have been made on pro- 
viding a t heoretical basis for th e relation between the acoustic cut-off frequency 
and Vmav dBelkacem et al. , 2011), and preliminary investigations with stellar mod- 
els (IStello et all 120091) indicate that the scaling relations hold to withi n ~ 3% on th e 



main sequence and RGB (see also the Supporting Online Material in lChaplin et al 
201 lh. 



3.1 Empirical tests of the v max and A v scaling relations 



To assess the accuracy of the scaling relations, ongoing studies based on models of 
star s in different evolutionary phases , and c overing a wide range of parameters (see 



e.g. IWhite et al.L 1201 It iMiglio et al.L 1201 II) . must be complemented by calibration 



of the v max and Av relations with independent determinations of masses and radii. 
As a very first step in this process, we present here a simple comparison between 
radii and masses determined via seismic constraints with those obtained by other 
methods (combination of parallax, bolometric flux, effective temperature, angular 
radius, mass derived from the orbital solution of binary systems). 

We include in this comparison near by stars with availa ble seismic constraints, 
along the lines of the work presented bv lBruntt et al. (2010). We consider a total of 
27 stars with published values of both v max and A v. The quality of the seismic data 
available for the stars in this sample is highly heterogeneous, ranging from nearly 6- 
months long space-based photometric observations with the CoRoT satellite, to few 
days' single-site radial-velocity monitoring. The methods used to estimate v max and 
Av are also not uniform. We therefore decided to adopt a 2% and 5 % uncertainty in 
Av and V max , respectively, as also suggested in lBruntt et al. I d2010l) . 

Asteroseismic, s pectroscopic, interferometric, and photometric constraints were 
either taken from the Bruntt et al. (2010) compilat ion (to which we ref e r for the orig 
inal re f erences), or collec t ed from the papers by |B allot et al. Id201lh: iBarban et al 



(201 



Kallinger et al.l (l2010b : iMathur et al J d20 1 Ob : iMazumdar et all d2009l) : iMerand et al 



d2009|) :| Bazot et alJd201lb;lBrundd2009l):ICarrier & Eggenbergerld2006h:ICarrier et al 
~Ol);beheuvels et alJd2010l);lEggenberger et al.ld2008l):lGillon & Magainld2006h 
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Fig. 2 Comparison between masses (upper panel) and radii upper panel determined by different 
combinations of the observational constraints available. 
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Fig. 3 Same as Fig. [2] but considering giants with published seismic analysis. 
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d2010l) : iMosser et al.1 d2008i 120091 12010|) : and buirion et all d2010| ). Parallaxes ar e 



taken from van Leeuwenl ( 2007 ) and bolometric corrections from Flowei 



When available, we used T e ff determined from the bolometric fluxes a nd interfero- 



metric angular radii, in which case we considered the value quoted in iBruntt et al 



d2010l) . Otherwise, we adopted spectroscopic T e ff with uncertai nties of 1 00 K, un- 
less the uncertainty was larger in the original reference. As in Brunttl (2009) we 
excluded from the sample HD 175726 since its est imated large separat ion shows an 
unexplained large modulation with frequency (see lMosser et al l l2009h . 

We then determined radii using Eq.|4]and masses via Eq.|3]or by including con- 
straints on the luminosity, using Eqs. [5] and [6] The comparisons between different 
(not always independent) determinations of radius and mass are presented in Figures 
|2]and|3] 




Fig. 4 Radii determined using seismic constraints (Eq.f4) vs. radii determined from parallax and 
angular interferometric radius (red), and from apparent magnitude, parallax, BC and T e ff (blue). 
For targets where interferometric measurements are available we also report the comparison with 
radii determined from apparent magnitude+ parallax+ BC + T e ff (black dots). 



The targets considered span a large domain in radius: from sub-solar radii (t 
Cet, 70 Oph A, and a Cen B) to the ~ 30 R@ of the metal-poor giant Arcturus. 
The overall agreement found between values determined via Eq.|4]and using clas- 
sical constraints is remarkable (see Fig.|4]and|5]l, and the two determinations agree 
within l-(7 (~ 7%) in most cases (see Fig . [5j ■ Weighting the differences according 
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Fig. 5 Percentage difference between radii determined using seismic constraints (Eq.|4j and those 
derived from the parallax and interferometric angular radius (if available) or the the estimated 
bolometric luminosity and T e g. 



to their errors, we find a mean difference (^ se ismo — R) and standard deviation of 
-1.5% and 6%, respectively. A significantly larger number of stars (especially gi- 
ants) should be included to investigate possible trends with stellar properties. This 
comparison is indeed encouraging and adds strong support to the use of solar-like 
oscillators as distance indicators, also when compared to results obtained using ac- 
cu rate determinations of radii in eclipsing binaries, as presented in the recent review 
by lTorres et al. I d2009h (see e.g. their Fig. 1). 

The expected uncertainty in the mass determined using Eq. [3] and the available 
data is ~ 10 — 15%. Besides noting a good agreement when comparing different 
(but correlated) expressions to estimate the mass (see Fig. |2]and[3]i, only for few 
visual binary systems (a Cen A and B, Procyon A, and 70 Oph A) could we test 
the mass determined using v max and/or A v with the independent estimate based on 
the orbital solution. In these cases we find a 1-ff agreement, except for 70 Oph A 
which has an observed v max larger than expected (still within 2 a of the predicted 
value). This is clear from the direct comparison between v max and A v observed and 
predicted by scaling relations is shown in Fig. [6] 

The quality of seismic constraints obtained from space-based data exceeds that 
available for most of the stars considered in this comparison. Consequently, while 
radii and masses can be estimated with greater precision, this demands more strin- 
gent tests of the accuracy of the scaling relations. In this respect nearby Kepler and 
CoRoT targets, and in particular hig h-duty cycle ground-based observations (e.g. 
with SONG, see Grundahl et al .l2009h will play a crucial role in testing v max and A v 
in well constrained systems. Moreover, the detection with Kepler of solar-like os- 
cillations in red giants members of open clusters provides additional means for test- 
ing the accuracy of scaling relations, particularly when largely model-independent 
co nstraints are available for cluster members (see the enc ouraging results reported 



m 



Stello et al.ll2010t iBasu et alj|201 it iMiglio et al"]|201ll) . Eclipsing binaries with 



solar-like pulsating components observed by K epler and CoRoT ar e also promising 
and privileged targets for this purpose (see e.g. Hekker et al. , 2010b . 
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Fig. 6 Left panel: Comparison between v max observed vs. v ma x predicted using independent mea- 
surements of mass and radius. Right panel: as left panel, but for A v. 

4 Summary & outlook 

Thanks to the interpretation of solar-like oscillation spectra detected by CoRoT and 
Kepler, we can now determine the mass and radius of thousands of stars belonging 
to the composite population of the Milky Way's disk. These truly innovative con- 
straints will allow precise age estimates for giants, and will inform studies of galac- 
tic formation and evolution with observational constraints which were not available 
prior to asteroseismology. To fully exploit the potential of these observations, how- 
ever, it will be crucial to combine them with spectroscopic constraints, which should 
become available in the near future thanks to large spectroscopic surveys such as 
SDSS-APOGEE and the GAIA-ESO spectroscopic survey. Further efforts should 
also be devoted to assess the validity of the v max and Av scaling relations, both 
in terms of their theoretical foundation, and through calibration with independent 
measurements of radius and mass. 

In the future, the pioneering observations of CoRoT and Kepler could be ex- 
tended to significantly wider areas of the sky by the candidate ES A mission PLATCS 
providing observational constraints that will be complementary to the accurate dis- 
tance and proper motions measured by GAIA0 in the coming years. 
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